Abstract Selection for higher production rate in cattle inhabiting challenging habitats may be considered disadvantageous because of possible deleterious effects on immunity and reproduction and, consequently, on calf crop percentage. In Israel, free-grazing high productive beef cows experience reduction in nutritional quality of forage during up to 8 months of the year. As milk production by dams dictates calf performance, dam's nutritional needs and rebreeding rates, the aim of the present study was to test how lactating beef cows deal with combined caloric and protein stress both at the productive and self protective levels. For this purpose, we studied the effect of long-term caloric stress on milk characteristics and gene expression of stress and milk components producing proteins. Lactating dams responded to caloric stress by decreased body weight, milk, and milk protein production. To compensate for total energy loses in milk, they produced milk of higher fat concentration and shifted the proportions of its fatty acids towards long and unsaturated ones. This was reflected by increased mRNA transcription of the fatty acid binding protein. Prolonged low-energy diet promoted cell-specific heat shock protein (Hsp) response; whereas significant increase of Hsp90 but unchanged levels of Hsp70 proteins were observed in white blood cells, the expression of Hsp70 in milk somatic cells was markedly attenuated, in parallel with a marked increase of α s1 -casein expression. At the mammary gland level, these results may indicate a decrease in turnover of proteins and a shift to an exclusive expression of milk components producing factors. Similar responses to caloric stress were revealed also in ketotic dairy cows. Ketosis promoted a shift towards long and unsaturated fatty acids and an increased expression of α s1 -casein in milk somatic cells. These findings may reflect an evolutionary-preserved mechanism in lactating cows for coping with caloric restriction. Overall, our results provide an index to test suitability of beef cattle breeds to inadequate caloric demands.
Introduction
In the Mediterranean region, as well as in many countries all over the world, beef cattle herds are grown under extensive regime. Mediterranean ecosystems are distinguished by high seasonality in resource availability (Sternberg et al. 2000) . This implies that free-grazing beef cattle may face a reduction in the nutritional quality of forage through its chemical ingredients, digestibility, and metabolized energy, especially during the hot and dry seasons (Aharoni et al. Poor quality feed may deleteriously affect reproduction (Randel 1990 ) and also interfere with calves' weaning success through its adverse effect on milk production. Indeed, a continuous significant decrease in calf crop production of free-grazing beef cattle herds is recorded in Israel over the last two decades . As decreased levels of energy intake shorten the duration and adversely affect the total milk yields during the lactation period (Jenkins and Ferrell 1992) and extend the period from calving to the first postpartum estrus (Randel 1990) , it is highly probable that the continuous decrease in calf crop production may originate from the adverse effects of the reduced forage quality on milk characteristics of lactating beef cows.
Also dairy cattle may experience caloric stress (ketosis). Ketosis occurs in the first 2 months after calving and is caused by a severe negative energy balance that stems from high milk production, insufficient energy intake, and excessive body fat mobilization (de Roos et al. 2007) . Over the last centuries, dairy cows have been selected for high milk yield regardless of the actual nutritional demands of the suckling calf. By comparing responses of beef and dairy cows to caloric stress and/or ketosis, it may be possible to follow whether changes in milk characteristics reflect evolutionary mechanisms by which lactating cows have coped with nutritional challenges in their habitat.
At the cellular level, induction of heat shock protein 70 (Hsp70) was associated with the development of tolerance to caloric stress (Kregel 2002) . Hsp70 is a member of the Hsp super family that by rapid, specific, and massive synthesis assist organisms in coping with various stresses (Craig and Lindquist 1988; Welch 1990) . However, members of this Hsp family are constitutively present in cells. The induced and the constitutively expressed Hsp families are well known as molecular chaperones which help in normal folding of various polypeptides, assist misfolded proteins to attain or regain their native states, regulate protein degradation, and help in translocation of proteins to different cellular compartments (Hartl and Hayer-Hartl 2002; Kovacs et al. 2005) .
Milk production in beef cattle is considered the major determinant of maternal effects on growth rate of calves till weaning (Meyer et al. 1994) . Milk greatly affects calf performance and the dam's nutritional needs, thus indirectly affecting also rebreeding rates (Mallinckrodt et al. 1993) .
Fat and, particularly, long-chain fatty acids (FAs) are the energy rich moiety of milk. Synthesis of milk fat by the mammary gland requires large quantities of fatty acids, of which 98% appear in the form of triglycerides (Whetstone et al. 1986; Palmquist et al. 1993) . The supply of FAs for triglyceride synthesis in the ruminant mammary gland arises from two sources, the de novo synthesis of shortchain saturated fatty acids (C 4 -C 16 ) and the uptake of longchain fatty acids (C 16 , C 18 , C 18:1 , C 18:2 ) from the blood (Dils 1983 ). Apart from its major components (fat, lactose, casein), mammalian milk is also comprised of many types of somatic cells, including neutrophils, macrophages, lymphocytes, eosinophils, and epithelial cells of the mammary gland (Kehrli and Shuster 1994) . The epithelial cells are shed into the milk during the lactation process. They exhibit characteristics of viable and differentiated alveolar epithelial cells in various mammalian species, including bovines (Buehring 1990; Boutinaud et al. 2002) . Primary cultures of epithelial cells from colostrum and milk, together with various sources of milk-derived cell lines, provide a good model for the study of lactogenesis, immunity transmission, cancer research, and viral infection. The RNA extracted from milk cells has been shown to represent gene expression in the mammary gland and thus provide a source of material for molecular studies of gene expression and environmental interactions (Boutinaud et al. 2002; German and Barash 2002) .
In light of the above, developing a physiological and molecular index that would serve to test the response of free-grazing lactating beef cows to caloric stress both in the productive and self protective levels is inevitable. Such an index may be of great help when coming to test the suitability of beef cattle breeds to nutritional-challenging habitats. The present study focuses on the compensatory responses of lactating beef cows to a long-term intake of low energy and protein diet by studying milk production and characteristics (content, fatty acid composition) and milk somatic cells' gene expression. Some of these responses (milk yield, fatty acid composition, and protein expression in milk somatic cells) are compared to ketotic dairy cows.
Materials and methods

Animals and treatments
Experiment 1 Ten gestating and lactating beef cows and their calves from the experimental Simmental dominated herd of Newe Ya'ar participated in this study. All cows were third parity or greater, with an average age of 6.5 years. Control cows (n=4) were served ad lib diet of 11.5% crude protein (CP)-1.9 Mcal/kgDM metabolizable energy (ME) whereas the diet of experimental cows (n=6) was comprised of 7% CP-1.45 Mcal/kgDM ME ad lib. The composition of the control diet in g/kg on dry matter (DM) basis was: barley grain-297, crushed maize grain-2.1, and wheat hay-poultry liter silage-503. The experimental diet in g/kg on DM basis was composed of: wheat hay-877 and poultry liter silage-386. The experimental lowenergy protein (LEP) diet was designed to resemble natural forage during the hot and dry Mediterranean seasons. Both diets contained equal amounts of mineral and vitamin premix (16 g/kg of DM; Kofolk, Israel). While the control diet contained 82% degradable protein, the experimental diet contained 49% (calculations according to NRC 1996) . The experiment lasted 3 months, and the average age of calves in each group at the initiation of the study was 4 months. The standard deviation of calves' age at the initiation of the study was 10 and 14.5 days for the control and experimental groups, respectively. The initial body weigh (M b ) of the control dams was 599±17 kg, while that of the experimental dams was 612±79 kg. The initial M b of the control calves was 251±10 kg while that of the experimental calves was 270±13 kg. Calves of both groups were supplemented with suckling ration (creep) ad lib.
Experiment 2 To study the effect of ketosis on milk fat characteristics of dairy cows, fresh milk was sampled from six control and ten ketotic Holstein-Friesian cows from a commercial dairy farm (Kibutz Yifat). Postcalving, the control and ketotic cows were fed with an identical diet, with ME-2.78 Mcal/kgDM and CP-18%, of which 51% was degradable. The ketotic status was determined by a veterinarian, using analysis of urinary keton bodies. Thereafter, milk samples were collected. All procedures involving animals were approved by the Israeli committee for animal care and experimentation.
Milk yields
To reveal the effect of continuous (3 months) LEP diet on beef cows' potential to produce milk, we determined milk yields by the weigh-suckle-weigh technique. This technique is one of the most frequently cited methods for the measurement of milk production, and in spite of some limitations, similar result may be determined when using it in comparison with milking machine (Benson et al. 1999) . Cows and calves were separated 16 h before sampling. The difference between calf weight before and after suckling, adjusted to a 24-h basis, provided an estimate of daily milk production of the cow. The suckling event continued for approximately 30 min after introduction of the calves to their dams.
Milk content
Hand-milked milk samples of control and 3-month caloricand protein (CAP)-restricted beef cows were analyzed for fat, protein, urea, and lactose contents by the mid-infrared spectroscopic method (Milkoscan FT6000; Foss Food Technology Corp., DK; AOAC 1990) . Somatic cell counts were determined by Fossomatic 5000 FC (Foss Food Technology Corp., DK).
Milk fatty acid composition
Milk samples were stored at −20°C until analysis of their fatty acid profile. The fat ring at the top of the tube was removed, and lipids were extracted in a hexane:isopropanol solvent mixture according to Hara and Radin (1978) . An aliquot of 40 mg of the lipid fraction was transmethylated according to Christie (1982) , with modifications as described by Chouinard et al. (1999) . Gas chromatography of fatty acid methyl esters (FAME) was performed with a Hewlett Packard 6890 system, equipped with HP Chemstation software for peak integration. We used a Supelco SP-2560, 100-m fused silica capillary column of 0.25 mm i.d., with ultrahigh-purity helium carrier gas at a flow rate of 20 ml/ min. Injector and flame-ionization detector (FID) temperatures were 250°C and 260°C, respectively. The splitting ratio to the detector was 1:50. The oven temperature schedule was 140°C for 5 min, T increase to 175°C at 4°C /min, constant 175°C for 25 min, T increase to 220°C at 4°C/min, and constant 220°C for 20 min. The total run time was 70 min. Standard FAME preparations (Sigma-Aldrich) were injected separately to relate the peaks to fatty acids. The FAME preparations used were methyl esters of: C14:0, C14:1, C16:0, C16:1, C18:0, C18:1t9, C18:1t10, C18:1t12, C18:1c9, C18:1c11, C18:1c12, C18:2c9c12, C18:3c6c9c12 (γ-linolenic), C18:3c9c12c15 (α-linolenic), conjugated linoleic acid (CLA), and C20:4 (arachidonic). The CLA preparation (Sigma O5632) contained a racemic mixture of four isomers: C18:2t9c11, C18:2c9t11, C18:2t10c12, and C18:2c10t12, which were detected by the chromatography: the first two as overlapping peaks and the last two as separated peaks. Then, a standard mixture of equal concentrations of these 18 FAME was injected to facilitate the calculation of correction factors for each acid. These correction factors accounted for both the differing sensitivity of the FID to the different FAME and for the ratio of FAME to FA molecular weights, in the calculation of FA concentrations from the areas of the corresponding FAME peaks.
Processing of milk somatic cells
Somatic cells from fresh milk of beef and dairy cows (150-200 ml) were pelleted by centrifugation at 1,000×g for 10 min at 4°C in the presence of 0.5 mM ethylenediaminetetraacetic acid (EDTA; final concentration) to reduce the levels of casein-fat emulsion. The cell pellet was washed three (in the case of RNA extraction) to five (in the case of cellular protein extraction) times with cold phosphate buffered saline (PBS)-EDTA (0.5 mM) to eliminate casein and fat globules. Protein and RNA were extracted from the somatic cells within 30 min from sampling. Until then, samples were kept in a chilled box.
Blood sampling
Blood was sampled from the caudal vein of dams, using evacuated tubes (Greiner bio-one GmbH, Austria) containing EDTA as anticoagulant. The blood was centrifuged at 1,000×g, 4°C, to separate the cells from the plasma. The buffy coat was transferred to a new chilled Eppendorf tube. Remaining red blood cells were removed by RBC lysis buffer (Roche, cat # 1-814-389). Leukocytes were then washed with cold PBS and immediately used for protein extraction.
SDS-PAGE and Western blot
Whole-cell lysates were boiled in sample application buffer containing 2-mercaptoethanol. Proteins were separated by sodium dodecyl sulfate-polyacrylamide gel (10%) and transferred onto nitrocellulose membranes (Schleicher & Schuell Gmbh, Dassel, Germany). The membranes were probed with monoclonal anti-actin (Sigma, cat # A1978), anti-Hsp70 (recognizing the constitutive and the inducible forms of the protein; Sigma H5147), and anti-Hsp90 (Stressgen, cat # SPA-830), followed by appropriate secondary antibodies. Proteins were visualized by enhanced chemiluminescence.
α s1 -casein identification-mass spectrometry analysis Protein extracts of somatic cells were run on a 10% acrylamide gel and stained with Coomassie blue. The stained protein bands, at a molecular mass of ∼29 kDa, were cut from the gel with a clean razor blade and the proteins were reduced with 10 mmol l −1 dithiothreitol and modified with 100 mmol l −1 iodoacetamide in 10 mmoll·l −1 ammonium bicarbonate. The gel pieces were treated with 50% acetonitrile in 10 mmol l −1 ammonium bicarbonate to remove the stain, followed by drying the gel pieces. The dried gel pieces were rehydrated with 10% acetonitrile in 10 mmol·l -1 ammonium bicarbonate containing 0.005 μg·μl −1 trypsin and then incubated overnight at 37°C
. The resulting peptides were recovered with 60% acetonitrile with 0.1% trifluoroacetate. The tryptic peptides were resolved by reverse-phase high-performance liquid chromatography on 0.1×300-mm fused silica capillaries (J&W, Folsom, CA, USA; 100 μm i.d.) home-filled with porous R2 (Persepective, Framingham, MA, USA).
The peptides were eluted using an 80-min linear gradient of 5-95% acetonitrile with 0.1% acetic acid in water at a flow rate of ∼1 μl·min −1 . The liquid from the column was electrosprayed into an ion-trap mass spectrometer (LCQ; Finnigan, San Jose, CA, USA). Mass spectrometry (MS) was performed in the positive ion mode using repetitively full MS scan followed by collision induced dissociation (CID) of the most dominant ion selected from the first MS scan. The mass spectrometry data were compared to simulated proteolysis and CID of the proteins in the NRNational Center for Biotechnology Information database using the Sequest software (J. Eng and J. Yates, University of Washington and Finnigan, San Jose, CA, USA). The amino terminal of the protein was sequenced on a Peptide Sequencer 494A [Perkin Elmer, (Applied Biosystems), Foster City, CA, USA] according to the manufacturer's instructions. The migration of α s1 -casein in the gel was verified by running a pure α s1 -casein as standard (Sigma).
RNA isolation and RT-PCR
Total RNA was extracted from milk somatic cells by using the TRI REAGENT LS (MRC, Cincinnati, OH, USA Cat. # TS-120), according to the manufacturer's recommendation. To remove genomic DNA contamination, samples were treated with DNase (Epicenter, cat # DB0711k) according to the manufacturer's recommendation. The concentration of RNA was measured by Nano-Drop (ND-1000) as well as its quality. Quality of total RNA was additionally estimated by nondenaturating agarose gel. The RNA was stored in −80°C or immediately utilized for reverse transcriptase polymerase chain reaction (RT-PCR) reactions using the Verso cDNA Kit (Thermo Fisher Scientific Inc. Cat # AB1453/A). The T-Personal PCR machine (Biometra) was programmed as follows: 42°C for 60 min for the RT step followed by 95°C for 2 min and the amplification steps of 94°C for 2 min, 60°C for 40 s, and 72°C for 1:30 min. A master mix was prepared and aliquoted to test tubes, each of which was amplified for 30 cycles.
The comparative RT-PCR reactions in Fig. 3 were performed using two pairs of primers in a same reaction mix: For FABP3, the forward primer TTCGTGGGTACCT GGAAG and the reverse primer CGAGTGCAAACTG CAGTG amplified a 367-bp fragment, while for Cytokeratin19, the forward primer AGATGACTTCCGCACCAAGT and the reverse primer GCCCTTCAGCACACTCATTT amplified a 196-bp fragment. For CD45, the forward primer was ATGTATCTGTGGCTTAAAC while the reverse primer was CATTACACT TGAATTGTCC. Except for the annealing temperature which was 49°C, the PCR program for the amplification of CD45 was identical to the above mentioned.
Statistical analysis
One-and two-tailed two-sample t-tests were performed to test for differences in calves weight gain, body weight loss of dams, fatty acid composition of milk, protein, and mRNA expression between control and experimental groups. We used Pearson correlation coefficient (r) to test the correlation between calves' weight gains and weight losses of their dams, milk production and fat concentration, milk fatty acids and calves' weight gain, milk yield and calves' weight gain, and milk production and fat concentration. Proportions were arcsin square-root-transformed so that they conformed more closely to a normal distribution. Statistical analyses were performed using SPSS 14.0 software (SPSS Inc. 2005) .
Results
At the end of the entire experimental period, weight gains of the control beef calves (49±2.7 kg) were higher than those of the experimental beef calves (34.7±10.6 kg); however, the difference was not significant (p=0.241), probably due to a large variability among gains of the experimental beef calves. Weight loss of the experimental beef dams also varied widely (7-100 kg; standard deviation (SD)=35) in comparison to a slight increase (3±2 kg) in the weight of the control beef dams group. Within the experimental beef group, claves' body weight (M b ) gain was significantly correlated (r=0.75, p=0.04, n=6) with M b loss of their dams (Fig. 1) .
In addition to the negative effect on M b , caloric stress revealed also a significant reduction (p=0.027, n=10) in milk production (1.9±0.43 kg and 0.5±0.09 kg, for control and experimental beef cows, respectively). Also, ketosis has significant effect on milk yield. In our study, 1 week after calving (on the day of ketosis determination by the veterinarian), milk yield of ketotic dairy cows was 37± 12 l, while the yield of nonketotic dairy cows was 45±8 l (p=0.08).
The effect of CAP stress on milk content is shown in Table 1 . Interestingly, dams of the LEP diet group produced significantly higher concentration of milk fat and significantly lower concentration of lactose. The levels of urea tended to decrease, whereas protein concentration was unaffected.
A negative correlation between milk production and fat concentration was revealed for the control (r=−0.998, p=0.042, n=4) and the combined (r=−0.883, p=0.004, n= 10) groups. No correlation between milk production and fat concentration was revealed in the LEP group (r=−0.122, p=0.845, n=6). In the same manner, no significant correla- . Gray bars-control group, white bars-CAP stress and ketosis for panel a and b, respectively. PUFA Polyunsaturated fatty acids, MUFA monounsaturated fatty acids, SFA saturated fatty acids, short FA short-chain fatty acids. Lines above bars indicate t-test scores and significances.
Results are presented as means ± SD tion was obtained between milk yield and calves' weight gain in this group (r=−0.53, p=0.3, n=6) . The effect of LEP diet on FAs composition of milk is presented in Fig. 2a . For the statistical analysis, we have grouped the FAs into four groups: (a) C 4:0 -C 12:0 (short fatty acids; shortFA); (b) C 4:0 -C 14:0 , C 16:0 , C 18:0 (saturated fatty acids, SFA); (c) C 14:1 , C 16:1 , and isomers of C 18:1 (monounsaturated fatty acids, MUFA); and (d) C 18:2 , C 18:3 , CLA isomers, and C 20:4 (polyunsaturated fatty acids, PUFA). In general, the FAs profile had a reciprocal tendency: The proportions of short FAs and SFA were significantly higher in the control milk, whereas MUFA and PUFA proportions were significantly higher in the experiment milk. A significant negative correlation was revealed between the experimental beef calves' weight gain and SFA (r=−0.975, p=0.001, n=6), while the MUFA was significantly positively correlated with the experimental beef calves' weight gain (r=0.915, p=0.011, n=6). A similar significant change in the proportions of milk FAs was also observed in ketotic dairy cows. Ketosis promoted a significant increase in MUFA, accompanied by significant decrease in short FA and SFA (Fig. 2b) .
Among other reasons, the shift in milk FAs profile could arise from changes in the mobilization of long-chain FAs from the blood to the mammary gland. To test this possibility, we followed the expression of fatty acid binding protein 3 (FABP3). As shown in Fig. 3a ,c, CAP stress significantly increased FABP3 mRNA level in milk somatic epithelial cells (p<0.001). This increase in FABP3 mRNA is exclusively contributed by the epithelial fraction within the milk somatic cells, since leukocytes do not seem to express this gene (Fig. 3b) .
Prolonged LEP diet promoted cell-specific Hsp response in lactating beef cows; whereas no significant induction of Hsp70 (p=0.62) and mild but significant induction of Hsp90 (p=0.03) was observed in white blood cells (Fig. 4a,  d ), long-term caloric stress markedly attenuated the expression of Hsp70 in milk somatic cells (Fig. 4b) . In parallel with the attenuation of Hsp70, a marked increase in the levels of α s1 -casein was observed in the same cell extracts (Fig. 4b) . Similarly, a pronounced induction of α s1 -casein was seen in milk somatic cells of ketotic dairy cows (Fig. 4c) .
Discussion
Mother milk production (quantity and quality) is likely to affect weaning success of offspring. Its responses to challenging nutritional demands in the natural habitat may play a key role in the continuous decrease in calf crop percentage of free-grazing beef cattle herds in Israel and other countries with extensive grazing regime. To explore this possibility, we investigated the effect of CAP stress on the performance of gestating lactating beef cows by means of calves' development, milk characteristics, and protein expression in milk somatic cells. To compare the effect of CAP stress on milk characteristics of other cattle breed, we followed the impact of ketosis on milk fatty acid composition and α s1 -casein expression in dairy cows' milk.
Verification of negative energy balance in lactating cows
The calculated ME of the experimental diet was 75% of the control. To confirm that beef cows attained negative energy balance in response to the LEP diet, we followed the changes in their M b and milk production. Experimental lactating beef dams lost considerable weight due to the decreased ME in their diet. However, their M b varied widely. The variability in beef dams' M b loses was further reflected in weight gains of their calves. These results could imply on a differential strategy for coping with energy stress among individual lactating beef cows. Although calves' creep intake was not recorded individually in this study, it is clear from the results that it did not fully compensate for energy and protein restriction in dam's diet. The nearly fourfold reduction in milk production was the second confirmation that in response to 75% ME of the control diet, the lactating beef cows attained negative energy balance.
Effects of caloric stress on milk content and fat composition
The effect of feed on milk composition has been extensively studied in the last decades. Most of the attention was directed to fat concentration, mostly because of all three major milk solids, fat is the most sensitive to dietary influences (Sutton 1988) . Generally, reducing the forage to concentrate ratio in diets, which favors the formation of glucogenic volatile fatty acids (diets with increased energy input), negatively affects milk fat concentration (Sutton 1988; Crocker et al. 1997; Hurtaud et al. 1998) . To the best of our knowledge, no studies have focused on the effect of caloric and protein restriction on milk fatty acid profile. We checked whether CAP stress may have triggered compensatory responses, in terms of milk content or fat composition. Indeed, the significantly higher concentration of milk fat and the lower concentration of lactose may indicate of such responses.
Being the agent in milk that accounts for the osmotic pressure (Morrissey 1985; Sutton 1988) , the decreased lactose concentration can explain, at least partially, the drop in milk volume. Unlike the effect on milk fat observed when higher concentrate feed is served low-protein intake causes only minor reduction in milk fat and protein concentrations (Sutton 1988) . However, in dairy cows, a decrease in the rumen availability of protein increases milk production when crude protein intake is less than 14% (Nocek and Russell 1988) . Similarly, fat concentration is inversely relates to milk yield (Sutton 1988 ).
In the current study, the drop in milk volume together with the unaffected levels of milk protein reflects an overall reduction in milk protein production by the beef cows. As milk urea highly correlates with plasma urea and as plasma urea levels reflect changes in protein metabolism (Roseler et al. 1993) , the decreased levels of milk urea in response to CAP stress, in the present study, may indicate a general decrease in protein synthesis.
We examined the effect of diet on the correlation between milk production (obtained from the weigh-suckle-weigh technique) and milk fat concentration. The obtained outcome suggests that unlike in control, the increased fat concentration in the experimental beef dam's milk is not a result of a decrease in milk production but rather reflects a compensatory response to LEP diet. A further support in the hypothesis that lactating cows adapt to CAP stress by changing fat characteristics arises from its FAs profile. Here, a significant shift towards the energy-rich, long-chain unsaturated FAs was favorable in the case of energy-and protein-deprived diet. Moreover, SFA and MUFA which constitute a conspicuous portion of FAs in milk fat correlated with calves' weight gain, but in opposite directions. Taken together, the overall changes in milk fat may reflect physiological responses to assure energy supply to the suckling calf when the ME and CP of the diet is reduced.
Changes in expression of FABP3, Hsp70, and α s1 -casein in milk somatic cells Milk FAs originate from two sources, de novo synthesis by mammary cells (short-chain FAs; C<16) and uptake of longer-chain FAs from the circulation; the origin of which are the diet and body reserves (Baumgard et al. 2002) . Previous studies have shown that manipulations causing milk fat depression resulted in decreased secretion of both FAs classes but with pronounced effect on the short-chain FAs (Baumgard et al. 2000 (Baumgard et al. , 2002 Chouinard et al. 1999; Loor and Herbein 1998) . It was well demonstrated, though, that the reduction was caused by modulating the expression and activity of key enzymes of milk fat synthesis (Baumgard et al. 2002) . Based on these findings and taking together the data from Figs. 1 and 2 and Table 1 , it is tempting to hypothesize that during lactation, cows respond to caloric and protein restriction by altering gene expression of at least part of these key enzymes. This, in turn, might favor the mobilization of unsaturated FA into the mammary gland to compensate for the decreased milk production and thus to support the energy needs of the developing calf at the expense of own body reserves. To check this possibility, we followed the mRNA expression of FABP3 in milk somatic cells. FABP3 is a low molecular weight, cytosolic protein, which binds FAs with high affinity and participates in intracellular FAs transport (Simpson et al. 1999) . Indeed, it appeared evident that the shift of milk fat towards longchain energy-rich FAs may be explained, at least partially, by the increased levels of FABP3 in the mammary gland. As the experimental beef dams lost weight, the increased levels of FABP3 may also indicate that the higher proportions of long-chain energy-rich FAs in their milk fat originated from lipid mobilization of body reserves. In many experimental systems, induction of Hsp70 has been implicated in mediating the beneficial effects noted with caloric restriction (Duffy et al. 1997; Yu and Chung 2001; Patel and Finch 2002) . We followed Hsp expression, at the protein level, in blood and milk somatic cells, in response to 3 months of CAP stress, and revealed a cellspecific response; whereas Hsp70 and Hsp90 were slightly induced in white blood cells, the expression of Hsp70 was markedly attenuated in milk somatic cells. Since the expression of Hsp70 in blood leukocytes was not reduced, we assume that the Hsp70 attenuation in milk somatic cells was contributed by the epithelial cells. This assumption is strengthened by the fact that in the same cell extracts, α s1 -casein is presenting a mirror image to that of Hsp70.
Furthermore, since the LEP diet contained only 7% crude protein (instead of 11.5% in control) and as Hsp70 assists newly synthesized proteins to attain their native states, regulates protein degradation, and is an important component of cellular networks (Arya et al. 2007) , it cannot be excluded that the attenuation of Hsp70, seen in milk somatic cells, reflects a decrease in the turnover of self proteins in favor of milk components producing factors, such as FABP3 and α s1 -casein. α s1 -casein is one of four acidic phosphoproteins that comprise 75% of milk protein in ruminants. The concentration of calcium and phosphate in milk is highly correlated with that of casein. As the other members of the family, α s1 -casein is present in ruminant milk in a micellar structure responsible for the calcium and phosphate transport to the neonates (Sørensen et al. 2003) . In light of the above, it is tempting to speculate that under CAP stress the mammary gland may function as a buffered productive autonomous entity, where the genetic program is shifted towards support of the calf's demands.
Hints for preserved evolutionary mechanism
Milk production in dairy cattle is not devoted to the developing calf but rather to human benefits. It was therefore interesting to study whether their selection, over the last centuries, for high milk production, would trigger similar responses to caloric stress as those observed in lactating beef cows. Indeed, similar responses, at the level of fatty acid composition and α s1 -casein expression were revealed in beef and dairy cows. It is thus suggested that at least in the case of high productive cattle breeds, such as Simental and Holstein, altered milk fat characteristics reflect physiological responses to caloric stress. In a broader sense, this common response may reflect a preserved evolutionary mechanism by which lactating cows have coped with nutritional challenges in their habitat. This hypothesis, however, should be further investigated with more cattle breeds and candidate genes.
Summary
Milk production by beef cows is the major determinant that motivates the herd's performance. However, when taking into account the adaptation of domestic animals to their habitat, selection for higher production rate is considered disadvantageous in harsh environments. In this regard, the introduction of highly productive breeds at the cost of local breeds less productive but better adapted to CAP restriction is questionable. As differential responses for lactation traits exist among cattle breeds, the parameters tested in the present study (changes in M b , milk production, milk components, milk fat FA profile, FABP3, α s1 -casein, and Hsp70 expression) may serve as an index to compare the suitability of beef cattle breeds to nutritional challenges in their habitat.
